Abstract. This paper focused on patent-intensive industries and revealed the contribution of patents to innovation and economic development from an industry perspective. The patent-intensive industries in Guangzhou are mainly concentrated in the manufacturing industry. The contribution of patent-intensive industries to Guangzhou's economic development and employment is lower than the average level of Guangdong Province in the same period. Although the innovation efficiency is increasing, it is still low. The reason is that the proportion of corporate patents in patent applications is too low compared to that of scientific research institutes and universities. However, the patents applied for by the latter are not driven by market demand, and thus the proportion of patent converted into industry is small. Therefore. It's urgent for Guangzhou to accelerate the developing step of patent-intensive industries, expand its industrial scale, and at the same time adjust patent policies ensuring the patents applied for are driven by market demand.
Determination of Guangzhou's Patent-Intensive Industries The Connotation and Evaluation Method of Patent-Intensive Industries
The construction of China's statistical database started relatively late, there are few relevant detailed data, and there is still a lack of databases that directly match patents with industries like the United States and Europe. This paper uses the method of the State Intellectual Property Office on the evaluation method: that is, the industrial invention patent density is calculated by the ratio of the number of invention patents granted within the industry within five years to the average number of employees within five years. The definition of industrial invention patents with a density higher than the average level of the national economy is defined as invention-intensive industries, and vice versa as non-invention-intensive industries. The reason why the invention patent was used was that the invention patent was the highest-technical patent among the three patents, which was also the standard used in the US research report. At the same time, industries that have been granted an average of five years of total invention patent less than five years for all industries are excluded from the industry, aiming to eliminate industries with relatively small patent output. Because some industries have high invention patent intensity, but the number of patents granted for invention is very low. Finally, experts are assigned to supplement patent-intensive industries with lower patent intensity but higher industrial leadership and growth.
Determination of Guangzhou's Patent-Intensive Industries
According to the above methods, this paper uses the latest research results of the National Patent and Technology Development Department of the State Intellectual Property Office and the China Patent Technology Development Corporation in December 2015, the "International Patent Classification and National Economic Sector Classification Reference Relationship (trial version)" [1] . That is, the patent technology is classified according to the classification of the national economic industry, thus realizing the connection between the patent and the industry. In order to avoid double counting, the total number of patents is calculated by fractional count, which is also the method used by the U.S. Department of Commerce and the EU study. Based on this, the patent-intensive industry in Guangzhou was selected.
From the perspective of three industries, Guangzhou's average patent intensity is 10.95 pieces per million employed population during 2010-2014. Among them, the patent-intensive industry is the second industry, and its patent density is 26.08 pieces per million employed population. Others are non-inventive patent-intensive industries with an average patent density of 1.98 pieces per million employed population. The average density of patents dynamically viewed in the three industries showed an upward trend from 8. The average level of patent density in industries in the secondary industry is higher than that in the construction industry, which contains the majority of patent-intensive industries. The average patent density of 41 industrial categories in Guangzhou was 28.64 pieces per million employed population in 2010-2014. 13 of 41 industrial categories (Table 1) are patent-intensive industries, accounting for 31.70% of the total industrial sector. Its average patent density is 48.21 pieces per million employed population, much higher than 4.83 of 28 non-patent-intensive industries. 
Innovation Efficiency of Patent-Intensive Industries in Guangzhou
In addition to the contribution to output and employment, the most important thing in measuring the innovation performance of patent-intensive industries in Guangzhou is the evaluation of innovation efficiency. Because the level of innovation efficiency will largely determine innovation performance, innovation efficiency should not be ignored.
Evaluation Method of Innovation Efficiency
The measurement of innovation efficiency is essentially a measure of technical efficiency, and the measurement method of technical efficiency is mainly divided into two categories. The first category is a parametric approach that uses the econometric model to estimate the production frontier function to measure the technical efficiency. Among them, the most widely used is the stochastic frontier method (ie, the SFA method). The second category is a non-parametric approach, which uses a linear programming approach to determine the production frontier and uses this to measure technical efficiency. Among them, the widely used is mainly the data envelopment analysis method (ie DEA method) [2] . This paper uses the DEA model based on a variable-scale two-phase correlation network to measure the overall pure technical efficiency of Guangzhou's industrial innovation. Then, the pure technical efficiency of the sub-process is measured separately based on the variable-size DEA model to find the reason why the overall pure technical efficiency is low. The DEA model, also known as the data envelope model, is a method for measuring the relative effectiveness of decision units. The simplest DEA model is the DEA model under the assumption of constant returns to scale, and it is a simple linear programming solution. On this basis, Banker R D, Charnes A, Cooper W W (1984) developed a DEA model that changed the assumption of returns on scale. In recent years, management practice has put forward new requirements for the evaluation of innovation efficiency, and it needs deep innovation systems to find the reasons for low innovation efficiency. So the evaluation of innovation efficiency from the perspective of value chain came into being. The network DEA model based on the value chain perspective is in fact a classical DEA model based on variable scale returns [3] . Huang Hao, Ge Hong, and Feng Yingxi proposed a DEA model based on variable-scale remuneration linked networks that considers a chain-type innovation system in the "DEA model based on chain system-associated network: taking China's 14 commercial banks for example" [4] . Compared with the aforementioned method, the method has two differences: the output of the first stage becomes the same as the input of the second stage. Second, each sub-process must satisfy the constraint that the output is not greater than the input. Thus, the overall innovation efficiency is measured as:
Where n is the number of decision units. For decision unit j, , , are the first stage input indicator vector, the first stage output indicator vector (second stage input indicator vector), the second stage output indicator vector respectively.
is the weight vector of the second-stage output indicator, is the weight vector of the first-stage input indicator，δ is the weight vector of the first-stage output indicator.
The above model is simplified: Let t=1/ , µ = , ϕ = δ , ω = , η = µ , η = µ , to get the following model:
S.t.
ε is non-Archimedean infinity; m, k, s are the number of input indicators in the first phase, the number of output indicators in the first phase, and the number of output indicators in the second phase) In the same way, the paper applies the simplified steps described above to the classic DEA model based on scalable variable returns. A model for measuring the two-stage efficiency () , () can be obtained:
Establishment of Innovation Efficiency Evaluation System, Selection of Indicators and Data Sources
This paper divides innovative production activities into two successive processes: the R&D process and the process of scientific output converted into economic output. The data in this article comes from the "Guangzhou Science and Technology Yearbook. In addition, due to the lack of data, the following six industries were eliminated in the efficiency measurement: Coal mining and washing industry, ferrous metal mining and dressing industry, non-ferrous metal mining and dressing industry, mining auxiliary activities, other mining and dressing industries, textile and clothing, shoes and hat manufacturing.
Empirical Analysis of Innovation Efficiency
Overall Level of Innovation Efficiency in Patent-Intensive Industries. Table 2 shows that during the period 2006-2012, the overall efficiency of patent-intensive industries and the innovation efficiency at all stages are significantly better than those of non-patent-intensive industries and the overall industry in Guangzhou. However, the overall efficiency of patent-intensive industries in Guangzhou is not high, just slightly higher than 0.4. The differences of efficiency in different stages are small, around 0.6, and there is still much room for improvement. Judging from the coefficient of variation, the patent-intensive industries in Guangzhou have relatively small differences in innovation efficiency among industries, smaller than non-patent-intensive industries and the overall industry. Trends in Innovation Efficiency of Patent-Intensive Industries. Figure 1 shows that the innovation efficiency of patent-intensive industries in Guangzhou in 2006-2012 was significantly higher than that of the overall industry, and was also significantly higher than that of Guangzhou's non-patent-intensive industries. During the same period, the economic transformation efficiency of patent-intensive industries in Guangzhou was significantly higher than that of the overall industry, and was also significantly higher than that of non-patent-intensive industries. The trends of changes in the economic transformation efficiency of patent-intensive industries and non-patent-intensive industries all show clear stages. Moreover, the phased changes seemed to be similar with a clear upward trend after 2009, benefiting from the improvement of patent industrialization and the role of patents in leading the development of the industry.
Innovation Efficiency of Various Industries in Patent-Intensive Industries. The innovation efficiency in the patent-intensive industry shows obvious industry differences, and the difference occurs in two stages: technological R&D and economic transformation efficiency. Table 3 shows that in terms of overall efficiency, the efficiency of the electrical machinery and equipment manufacturing industry was effective, but the efficiency of other manufacturing industries was as low as 0.0016. In terms of technological R&D efficiency, general equipment manufacturing, electrical machinery and equipment manufacturing, instrument and meter manufacturing, electricity, heat production and supply industries were effective, but the efficiency of other manufacturing industries was as low as 0.1000. In terms of economic transformation efficiency, chemical raw materials and chemical manufacturing, computer, communications, and other electronic equipment manufacturing were effective, but other manufacturing industries was as low as 0.0331. Table 3 reveals that 10 industries including electrical machinery and equipment manufacturing et al. are in the effective state of sub-process association, implying that these industries handle well in the communication and coordination of the two innovation stages so as to yield an overall pure technical efficiency greater than or equal to the accumulation of the two stages' efficiencies. At the same time, there are also four industries with poor correlation validity in their innovation, including instrument and meter manufacturing, railways, ships, aerospace and other transportation equipment, metal products, machinery and equipment repairs, and other manufacturing industries. It's no doubt that more collaboration in the two-stage innovation should be emphasized in these four industries in future.
Suggestions for Improving the Innovation Efficiency of Guangzhou's Patent-Intensive Industries
It is necessary to base policies on these closely related factors in order to improve innovation performance, suggestions are as follows:
First, speed up the development of patent-intensive industries in Guangzhou and expand its industrial scale. To speed up the development of patent-intensive industries in Guangzhou, the first is to increase investment in technological innovation. It is necessary to increase the proportion of science and technology expenditures in fiscal expenditures, strengthen the "legal growth" of science and technology investment, and promote the transformation of patent-intensive industries into the high level of the value chain. The second is to optimize the structure of fiscal R&D expenditures, guide innovation resources to gather in patent-intensive industries that meet Guangzhou's strategic needs, and prioritize the construction of R&D institutions such as enterprise technology centers.
The third is to speed up the implementation of various policies, expand the coverage of preferential VAT tax policies, implement a low VAT tax policy for patent-intensive companies, and create an institutional environment beneficial to innovation.
Second, adjust the patent policies so that market demand can drive innovation. The chief stage in determining the innovation system is the phase of transformation of intellectual property elements into economic performance. We can not only emphasize the amount of invention patent applications or grants, but track what role the intellectual property elements play in the process of transition to economic benefits and social soft power. Relevant policies should gradually increase the number and weight of the "conversion rate" and "implementation rate" of intellectual property rights. It is necessary to realize the system integration of the "industry, university and research institute" system in the context of market demand, so as to improve the value of innovation. On the one hand, it is necessary to strengthen policy support, set up guiding funds for the conversion of scientific and technological achievements and increase the conversion rate. On the other hand, we can refer to the "industry, university and research institute" system of Japan, the United States and other countries to set up a similar market demand department, so as to promote market-demand-driven researches in universities and research institutions. [5] 
